Let K n,n be the complete bipartite graph with n vertices in each partition. We denote M(C 4 , K n,n ) to be the minimum number of monochromatic copies of quadrilaterals in any 2-edge coloring of K n,n . In this paper, we give an upper bound for M(C 4 , K n,n ) for all n using an explicit construction. 
Introduction
Let F and G be graphs. Let the edges of the graph F be colored with two colors, say, red and blue. A subgraph G in F is said to be monochromatic if all its edges are of the same color. The multiplicity of G in F denoted by M(G, F), is defined to be the minimum number of monochromatic copies of G that occur in any 2-coloring of the edges of F. J.W. Moon and L. Moser [1] determined a lower bound for the multiplicity of C 4 (quadrilaterals) in complete bipartite graphs K n,n ∀n using matrices corresponding to the 2-edge coloring of K n,n . Their result is as follows.
where u is a non-negative integer.
They interpreted any 2-edge coloring of K n,n in terms of n × n matrices all of whose elements are either 0 or 1. Monochromatic quadrilaterals correspond to the 2 × 2 minors of the matrix whose elements are all 1 ′ s or all 0 ′ s. It seems to be difficult to give a general construction to show that the lower bound for M(C 4 , K n,n ) given in Theorem 1. is sharp. In this paper, we give an explicit construction by means of which we get an upper bound for M(C 4 , K n,n ). The lower bound given by J.W. Moon and L. Moser and the upper bound given in this paper are both polynomials in n of same degree.
An upper bound for the multiplicity of c 4 in complete bipartite graphs
In this section, we give an explicit construction by means of which we get an upper bound for M(C 4 , K n,n ).
Theorem 2.1. For any positive integer n,
, . . . , u n }. Color the edges of K n,n with two colors say red and blue. For any 2-coloring of the edges of K n,n , we associate a n × n matrix A =  a i j  where . If the pair of columns numbered k and l is denoted by v, then t v is the number of rows in which a ik = a il = 1 in the vth pair and h v is the number of rows in which a ik = a il = 0 in the vth pair. It can be observed that
Let P(n) and Q(n) denote the number of 2 × 2 minors of the matrix A whose elements are all 1 ′ s and all 0 ′ s respectively. Then the total number of monochromatic copies of C 4 in a 2-edge coloring of K n,n is given by
We give a particular 2-edge coloring of K n,n in which the number of monochromatic copies of C 4 equals
Given any n, let C be the coloring of K n,n for which the associated matrix A is as follows. For 1 ≤ i ≤ n,
If j > n then we take j = j (modn).
Case 1: n is odd.
The values of t v and h v for the above coloring C of K n,n are as follows.
for n values of v and
for n values of v.
Therefore, the total number of monochromatic copies of C 4 is given by
Case 2: n is even. The values of t v and h v for the above coloring C of K n,n are as follows.
− 2 for n values of v; . . . We can see that in this case t v = h v for all v = 1 to  n 2  . Therefore, the total number of monochromatic copies of C 4 is given by 
